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A KINEMATIC AND KINETIC ANALYSIS OF FIRST,
FOURTH, AND FIFTH POSITIONS IN THE
CLASSICAL BALLET METHOD
Mary Sue Hill, M.A.
Western Michigan University, 1998
The problem of the study was to compare electromyography (EMG)
responses, ground reaction forces, and torques on female college-age dancers' knees
in selected positions. Subjects were 18 female dancers, aged 18 to 30 years, with 6
subjects from each of three levels: Ballet Technique I, II, and III. The rectus femoris,
vastus lateralis, and vastus medialis were analyzed in a grande plie in three positions,
(1) first, (2) fourth, and (3) fifth, with two phases: (1) eccentric, and (2) concentric.
No differences in force or EMG data were found for the concentric phases of the
three positions. Significant differences were found in the ground reaction forces and
torque during the eccentric phase. During the eccentric phase, the EMG activity of
the vastus lateralis and the rectus femoris were similar, and the EMG activity of the
vastus medialis showed greater activity in the fifth position than in the first and fourth
positions. The Technique I, II, and III groups had more similar than dissimilar EMG
and force patterns. During the concentric phase, the EMG was similar for the three
positions. Differences in forces found between the positions were related to the base
of support area in the anterior/posterior directions. During the eccentric phase, the
EMG activity of the rectus femoris and the vastus lateralis were similar for all
positions, and the EMG activity of the vastus medialis showed greater activity in the
fifth position than in the first and fourth positions.
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CHAPTER!
INTRODUCTION
In ballet dancers, the vast majority of injuries·occur in the lower extremity.
These injuries are commonly due to muscle imbalance caused by the exercises used in
technique, which are continuously repeated through each class, rehearsal, and
performance.
Few investigators have compared the mechanical and physiological demands
placed on the lower extremities by the repeated movements of the ballet exercises.
Movements in both free and fixed positions cause stress to the lower extremity,
particularly the knee.
The musculature of the knee becomes imbalanced due to the muscle
recruitment pattern for the exercises. This eventually can cause patellar tendinitis,
chrondromalacia, or tom menisci. The muscle imbalance, combined with the nature
of the movement in ballet, causes a torque to be placed on the knee.
A controlled exercise is caused by a specific muscle recruitment pattern
unique to the exercise. The muscle recruitment patterns can be measured by
electromyography (EMG). The torque that is placed on the knee during the exercises
can be measured by a force platform.
Statement of the Problem
The problem of this study was to compare electromyography (EMG)
responses, ground reaction forces, and torques on female college-age dancers' knees
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in selected positions. In outward rotation, one movement in three positions was
compared. The movement was a grande plie done in first, fourth, and fifth positions.
Purpose of the Study
The purpose of this study was to provide information pertaining to the
differences in ground reaction forces that affect the knee in a fixed position. The
imbalance in muscular development in the lower extremities in dancers is related to
the position in which most dance exercises occur, outward rotation. This imbalance is
thought to be related to many of the dance injuries to the lower extremities, especially
to the knee.
Delimitations
The following delimitations were established for this study:
1. Female college-age dancers (N
-- = 18) enrolled in Western Michigan
University's Dance Department, aged 18 to 30 years of age served as subjects for the
study.
2. The subjects included 6 subjects from WMU's Ballet Technique I (beginner
skill level), 6 subjects from Ballet Technique II (intermediate skill level), and 6
subjects from Ballet Technique III (advanced skill level).
3. The dependent variables, ground reaction forces and torques, were
measured with a Kistler force platform, Kistler Instrument Corp., Amherst, NY.
4. The EMG of the vastus lateralis, vastus medialis, and rectus femoris
activity was measured on the right side with a Noraxon EMG system, Noraxon, Inc.,
Scottsdale, AZ.
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5. Each subject completed one trial of the movement in each position during
one testing session.
Limitations
The study was limited to the following facts:
1. Because all the subjects were from the Dance Department at Western
Michigan University, generalizability of the results to all college-age dancers could be
jeopardized.
2. The small sample size, N = 18, associated with this study may affect the
external validity.
3. Surface EMG limited this study to the three knee extensors. The other knee
extensor may have provided additional information about the motions studied.
Basic Assumptions
The basic assumptions of the research were as follows:
1. The dancers were given a 10-min period of time to sufficiently warm
themselves up.
2. The equipment, the Kistler force platform, camera, EMG Noraxon, and
interfacing equipment, worked accurately and consistently throughout the data
collection process.
3. The subjects were accurately assigned by the Dance Department faculty
into the three technique levels.
Hypotheses
The study was conducted to test the following hypotheses:
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1. Forces and EMG responses will be greater in the first and fifth positions.
2. EMG patterns and force data will be different among the different fixed
positions.
3. Differences in EMG and force data will exist between Technique I dancers,
Technique II dancers, and Technique III dancers.
Definition of Terms
The following definitions and terms are important to the understanding of this
study:
1. Ballet Technique I: An introduction to the art of ballet, designed for dance
majors and minors, primarily concerned with the development of technique. The
emphasis is placed on developing control, balance, musicality, and strength of
movement through the Russian method of training. Students continue in Technique I
until advanced to Technique II by the instructor.
2. Ballet Technique II: A development of ballet technique at the intermediate
level. Emphasis is on increased strength and flexibility, jumps, turns, and an
introduction for women to pointe technique. Students continue in Technique II until
advanced to Technique III by the instructor.
3. Ballet Technique III: Ballet technique for the advanced/preprofessional
student in the classic idiom. Emphasis is placed on the complex movement sequences,
ensemble awareness, pointe technique, and men's combinations.
4. Plie: A bending of the knee or knees. This is an exercise to render the
joints and muscles soft and pliable and the tendons flexible and elastic, and to develop
a sense of balance (Grant, 1982).

5
5. Positions of the Feet: First position: In this position the feet form one line,
with the heels touching one another. The actual degree of tum out depends upon the
dancer and the outward rotation that he or she possesses.
Fourth position: The feet are parallel with the toes outward and separated by
the length of one foot.
Fifth position: The feet are completely crossed so that the heel of the front
foot touches the toe of the back foot and vice versa (Grant, 1982).

CHAPTER II
REVIEW OF LITERATURE
Introduction
In dancers, the majority of injuries occur in the lower extremity. Lower
extremity injuries in various studies have accounted for 58% to 88% of all dancers'
injuries. Within these percentages, the rate of injuries specific to the knee ranges from
14% to 17% (Solomon, Minton, & Solomon, 1990). In other studies of professional
ballet dancers, it was found that patellofemoral problems and patellar tendinitis
accounted for approximately 16% of all knee injuries (Solomon et al., 1990). These
injuries were mainly caused by stress on the knee during the execution of the
movement in the tum-out position.
In tum-out movements particular to ballet, dancers have physical problems
stemming from the pattern of movement that causes a torque on the knee. By
considering the muscle recruitment patterns of these exercises and the injuries that
are produced, some insight may be gained. This information may help to prevent
injuries by researching what muscles need more strength and conditioning in order to
better balance the musculature for dancers (Solomon et al., 1990). This chapter will
cover the following topics: (a) technique, (b) muscle physiology, (c) dance injuries,
and (d) muscle recruitment.
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Technique
The majority of movements in ballet technique are done in a tum-out position.
Each movement is specific and involves different phases of movements that are
biomechanically different.
The Five Positions of the Feet
The five fundamental positions of the feet are universally known. In the first
position, the balls of both feet are completely turned out, the heels touch, and the feet
form a single straight line. In the second position, the balls of both feet are also on
one line, but there is a distance of the length of one foot between the heels. In the
third position, one foot is in front of the other with one heel touching the inside arch
of the other foot, with both feet angling outward. The fourth position is similar to the
third, the feet parallel to one another and one short step apart. In the fifth position,
both feet touch so that the toe of each foot touches the heel of the other (Grant,
1982; Lee, 1983; Vaganova, 1969).

A plie is done in any of the five positions. Learning the plie is begun with a
half-movement, derni-plie, and after this is mastered, the full movement, grande plie is
mastered. The plie is inherent in all dance movements. It is found in every dance pas
(step), and therefore, particular attention should be paid to it during exercises. If a
dancer lacks plie in his or her movement due to inflexibility of the Achilles tendon, his
or her performance is dry and lacks elasticity.
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People who are naturally endowed with a talent for the dance have very pliant
Achilles tendons, and the leg easily forms an acute angle with the foot. Others have
Achilles tendons that stretch with great difficulty. The angle of the plie can be
increased a small amount with repeated flexibility exercises, but this flexibility usually
just comes naturally to certain dancers.
In the study of the plie, the following rules should be followed, remembering
at the same time to distribute the weight of the body equally on both feet. The study
of the plie should begin at the barre, holding onto it with one hand. At the beginning,
the demi-plie should be carefully mastered. It is done without lifting the heel from the
floor. In demi-plie, as well as in grande plie, it is very important to force the knees
wide open, that is, to turn out the whole leg. Particular attention should be paid to
the thigh from the hip to the knee. The knee should always be bent in the direction of
the toes, so that the knee is over the foot (Vaganova, 1969).
In grande plie, the dancers should keep the heels on the floor as long as
possible. When it becomes impossible for them to stretch the tendons any further,
they must lift the heels off the floor softly and gradually, without a pull. The heels
should then not be kept off the floor for any length of time. When the dancers begin
to raise, they should lower the heels to the floor as quickly as possible.
In each position it is important to keep both of the knees turned outward.
Spinal alignment must also be maintained, without the buttocks protruding
backwards, as this will give incorrect form to the movement and will not develop the
turn-out of the hips, which is the aim of the plie. The lowering to the extreme point
of the plie should last as long as the rising and should progress gradually.
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Muscle Physiology
The skeletal muscles throughout the human body are activated by numerous
neural inputs that result in two primary actions: (I) voluntary contractions, and (2)
involuntary contractions or reflexes. Voluntary contractions are those that involve
muscle shortening or lengthening, during which the muscles attempt to overcome
external forces, such as gravity.
The skeletal muscle functions in a systematic way when actin and myosin
myofilaments within a sarcomere of a single muscle fiber slide past one another to
create a shortening of the muscle. The shortening consequently pulls the insertion of
the muscle closer to its origin (place of attachment) and facilitates a skeletal
movement (Kreighbaum & Barthels, 1996).
Dance Injuries
Muscular imbalance and overuse of muscles can lead to chronic aches and
pains in dancers' bodies. The majority of injuries from muscular imbalance and
overuse takes place in the knees and the lower extremities.
Overuse Injuries
All dance forms have common factors that contribute to injuries caused by
overusing muscles and joints to the point of chronic pain and injury. First, there is a
requirement for repetitive movement in ballet as a means of perfecting a certain skill.
Second, delays of weeks or months between the onset of symptoms and medical
treatment are common and may allow acute problems to convert to overuse injuries
(Nagrin, 1988).
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Patellofemoral Syndrome
Patellofemoral pain is responsible for a large percentage of knee complaints in
dancers. Because of the basic biomechanics of the patellofemoral joint, misalignment,
overuse, and faulty dance technique can lead to pain originating in the patellofemoral
joint (Fitt, 1988).
Tendinitis
Inflammation of the patellofemoral tendon is a common problem in the
dancer's knee. Patellar tendinitis is commonly referred to as "jumper's knee" because
it is also frequently seen in hurdlers and in basketball and volleyball players.
Hamstring tendinitis is also common, but it is usually located more proximally in the
thigh than near the muscles' insertions at the knee (Arnheim, 1995; Fitt, 1988).
Muscle Recruitment
It is logical that in a skilled dancer those muscles that best serve a movement
with the least amount of energy expended would be selected by the nervous system
when a movement is performed. For any movement combination, the best selection of
muscles is achieved only by dancers who understand how the movement should truly
feel. Dancers who do not understand this are less likely to select the optimal set of
muscles. The result is wasted energy because muscles not necessary for movement
were recruited. Perfection of a movement results in less fatigue and smoother
movements, as well as a specific contour of the body.
The number of muscles and motor units involved in a given exercise is also
determined by the level of effort that must take place (Green, 1984). The greater the
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resistance encountered by the biomechanics of the movement, the greater the
recruitment.
EMG allows practitioners to examine a muscle's activity. Recording
electrodes are placed on the skin overlying a muscle in order to monitor the changes
in the electric field produced by the muscle action potentials (Lehmkuhl & Smith,
1983).

CHAPTER III
METHODS AND PROCEDURES
Dance has a great deal in common with other athletic-type activities;
however, the fact that these activities are choreographed sets them apart from team
sports, which provide athletes with unexpected, and occasionally injurious, situations.
Also, unlike many athletic endeavors, dance is commonly a year-round activity, with
no "off-season" to provide rest and rehabilitation. Because there is no "off-season,"
there are injury patterns that are unique to dance. Among these injuries, lower
extremity overuse injuries are the most common in college-age dancers. Therefore, a
good understanding of the biomechanics of the movement and musculature
development unique to dancers is needed to better understand and prevent these
chronic overuse injuries. The investigator used surface EMG and a force platform to
analyze the grande plie in different positions among college-age dancers.
Subjects
The subjects for this study were 18 female college-age dancers, aged 18 to 30
years, enrolled in Western Michigan University's Dance Department. Of these 18
women, 6 were from the Ballet Technique I level, 6 were from the Ballet Technique
II level, and 6 were from the Ballet Technique III level. Approval to conduct this
study was required by Western Michigan University's Human Subject Institutional
Review Board (see Appendix A). Each subject signed a consent form (see
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Appendix B). Each subject also filled out a questionnaire to determine previous
injuries, experience, and other conditioning activities (see Appendix C).
The subjects performed a grande plie in three different positions. The
positions were first, fourth, and fifth.
Equipment
Bipolar surface electrodes, Medi trace, 1 cm, silver-silver chloride (ECE 1801
Graphic controls, Buffalo, NY) were placed on each subject. The EMG electrodes
were linked to a Myosystem 2000 EMG data collection system (Noraxon, Phoenix,
AZ,) integrated with the analog-to-digital board used by Peak Motion Analysis
hardware-software package (Peak Performance Technologies, Inc., Englewood, CO).
Data manipulation and computer analysis were accomplished on an IBM
compatible Tenex, Model 486 DX-2 with Peak 5 version 1.2 software. The
integrated EMG signal was filtered using a Butterworth data-smoothing procedure
(6 Hz). The filtered EMG data were then transferred to the Myosoft EMG analysis
on the Tenex 486 DX-2.
Kinematics of the vastus lateralis, rectus femoris, and vastus medialis were
assessed through the use of a Panasonic WV-DS l OOHS camera (Panasonic Broadcast
& Television Systems Company, Secaucus, NJ) set at a frequency of 60 Hz. Fuji
S-VHS ST-120N videotape was used. The video data were synchronized to the
EMG data through an event synchronization unit (ESU) (Peak Technologies, Inc.,
Englewood, CO).
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Research Design
This investigation was comprised of three positions, one movement phase,
and one grouping variable. The positions were: (1) first, (2) fourth, and (3) fifth. The
movement for all three positions was a grande plie. Movement phases had two levels:
(1) eccentric, and (2) concentric. The grouping variable was subjects' level of skill.
Each subject was classified into one of the following three groups: (1) beginners,
(2) intermediates, and (3) advanced. Subjects were labeled beginners, intermediates,
or advanced based on their enrollment in Western Michigan University's Ballet
Technique I, II, or III classes, respectively.
The dependent variables for the study were the EMG response of three knee
extensors (vastus lateralis, vastus medialis, and rectus femoris) and ground reaction
forces. The specific dependent variables are defined below:
1. Peak EMG: The maximum value of EMG activity that occurred in each
phase, measured in microvolts.
2. EMG impulse: The area under the EMG curve, measured in microvolts
times time.
3. Time to peak recruitment: The time in which the muscles reach peak EMG
values.
4. Maximum vertical force: The maximum force entered vertically downward
on the force platform.
5. Time to maximum vertical force: The time required to reach maximal
vertical force.
6. Maximum anterior/posterior force: The maximal horizontal ground
reaction forces that act forward and backward with respect to the subject.
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7. Maximumlmedial/lateral force: The maximum horizontal ground reaction
forces that act to the left and right sides of the subject.
8. Positive and negative torque: The twisting action about the longitudinal
axis that the feet apply to the force platform.
9. Center of pressure: The displacement of the body's center of gravity
measured in both anterior/posterior and medial/lateral directions.
Data Collection Procedures
Data collection took place in the Exercise Physiology and Biomechanics
Laboratories in the Student Recreation Center at Western Michigan University. The
subjects were requested to wear a black leotard to facilitate placement of the
electrodes. Each subject was capable of performing 1 trial for each movement. The
subjects were allowed a 2-min rest between movements. Procedures the subjects
followed were as follows:
1. Subjects were given 10 min to warm themselves up sufficiently.
2. Subjects performed 1 trial of the movement in each position with a total of
3 repetitions for the day.
3. For each exercise, the subject had to rely on her own balance for stability.
4. The rest period between movements in each position was 2 min.
5. For each position, the researcher signaled when to begin the movement.
6. A metronome was used to help the subjects complete each plie in 6 s.
Electromyography Procedures
The EMG responses in the following three muscles were measured during a
grande plie in three positions: (1) vastus lateralis, (2) vastus medialis, and (3) rectus
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femoris. Bipolar surface electrodes, Medi trace, 1 cm, silver/silver chloride (ECE
1801, Graphic controls, Buffalo, NY) were placed on the belly of the muscle. The
electrodes were placed approximately I cm apart, parallel with the muscle fibers, and
near the midline of the muscle. All placement sites were carefully identified using

Gray's Anatomy (Gray, 1977), shaved if necessary, and prepped before electrode
placement.
The EMG electrodes were linked to a Myosystem 2000 EMG data collection
system (Noraxon, Phoenix, AZ) integrated with the analog-digital module in a Peak
motion analysis hardware/software package (Peak Performance Technologies, Inc,
Englewood, CO). The integrated EMG signal was filtered using a Butterworth data
smoothing procedure (6 Hz). The filtered EMG data were then transferred to the
Myosoft EMG analysis located on a Tenex 486 DX-2 personal computer. The EMG
responses for each muscle during the movements were analyzed to compare
differences among the positions.
Force Platform Procedures
Forces and torques were measured for the right leg. The force plate was a
Kistler Type 928 IB, Kistler Instrument Corporation, Amherst, NY. Amplification of
the signal and range settings was controlled by the Kistler 9681A amplifier. The
analog data were converted to digital signals by an analog-digital interface, 16channel unit, connected to a DT2821 analog-to-digital board. The analog-to-digital
board was connected to an ESU 4000D for matching force and EMG data to video
data. The ESU unit was used to trigger the interfaced equipment during data
collection. A Tenex 486 DX-2 computer ran the PEAK 5.2 Analog Sampling Module
Software, Peak Performance Technologies Inc., Englewood, CO. The analog-digital
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interface unit and the ESU unit were manufactured by Peak Performance
Technologies, Inc.
Statistical Analysis
A split-plot factorial analysis of variance design was used to analyze each
dependent variable; the independent variables were the outwardly rotated positions.
A grouping variable, technique, was used to divide the subjects into three groups.
The dependent variables were EMG responses, ground reaction forces, and ternp0ral
data of the vastus lateralis, rectus fernoris, and vastus rnedialis.

CHAPTER IV
RESULTS AND DISCUSSION
The problem of this study was to compare electromyography (EMG), ground
reaction forces, and torques on female college-age dancers' knees during selected
movements where the leg is turned out. Three movements in a turned out fixed
position were compared. The different movements were the grande plie in first,
fourth, and fifth positions.
Results
In this study the researcher used a split plot factorial analysis of variance
design to analyze each dependent variable. The research variable was the outwardly
rotated positions and trials. A grouping variable, technique level, was used to divide
the subjects into three groups. The dependent variables were EMG response, ground
reaction forces, and temporal data of the vastus medialis, rectus femoris, and vastus
lateralis. Results were discussed under the following subheadings: (a) EMG data, and
(b) force data. The significance level for the study was .05. If the results were
significant, a Tukey HSD post-hoc test was used to examine all pairwise
comparisons.
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EMGData
PeakEMG
PeakEMGrepresented the maximum microvolts that occurred during each
phase of the motion. Separate ANOVAs were calculated for each muscle and for
each phase.
The ANOVA results for the vastus medialis for both the concentric and
eccentric phases are presented in Table 1. For the concentric phase, the results were:
1. No significant difference was found among the three technique groups,
E(2, 9) = 0.02, Q = .98. The means for the three groups were 1136.89 µv, 1167.80
µv, and 1110.67 µv for Ballet Technique I, Technique II, and Technique III,
respectively.
2. No significant difference was found among the three positions, E(2, 18) =
1.36, Q = .28. The means for the first position, fourth position, and fifth position were
1020.17 µv, 1251.50 µv, and 1151.42 µv, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 18) =
0.64,

Q

= .64.
Results for the eccentric phase for the vastus medialis were:
1. No difference was found among the means, 766.33 µv, 1020.72 µv, and

701.78 µv for Ballet Technique I, Technique II, and Technique III, respectively,
E(2, 15) = 1.16,

Q=

.34.

2. A significant difference was found among the three positions, E(2, 30) =
4.09, Q = .03. The means for the three positions were 676.72 µv, 857.83 µv, and
954.28 µv for first position, fourth position, and fifth positions, respectively. The
Tukey HSD, _g(3, 30) = 243.31,

Q

< .05, indicated a significant difference between the
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first and fifth positions. No differences were found between first and fourth positions,
or between fourth and fifth positions.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = 1.11, I! = .37.
Table 1
ANOVA Summary for Peak EMG for the Vastus Medialis
During the Concentric and Eccentric Phases
Source

ss

df

MS

E

21967.02

2

10983.51

0.02

.98

4797275.29

9

533030.59

Positions (P)

224076.73

2

112038.36

1.36

.28

TxP

212171.73

4

53042.93

0.64

.64

Error2

1486323.54

18

82573.53

Technique (T)

1023640.11

2

511820.06

1.16

.34

Error1

6593434.72

15

439562.31

Positions (P)

714839.11

2

357419.56

4.09

.03

TxP

387521.78

4

96880.44

1.11

.37

Error2

2624537.11

30

87484.57

Concentric Phase
Technique (T)
Error1

Eccentric Phase

Note. Error1 = Subj. W. Groups; Error2 = PxSubj. W. Groups.
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The ANOVA results for the rectus femoris for both the concentric and
eccentric phases are presented in Table 2. For the concentric phase the results were
as follows:
Table 2
ANOVA Summary for Peak EMG for the Rectus Femoris
During the Concentric and Eccentric Phases
Source

ss

df

2496.24

2

1248.12

1063876.73

9

118208.53

26869.20

2

2686.51

E

MS

Concentric Phase
Technique (T)
Error1
Positions (P)
TxP
Error2

0.01

.99

13434.60

1.17

.33

4

717.13

0.06

.99

207266.10

18

11514.78

28675.11

2

14337.56

0.24

.79

905954.22

15

60396.95

81016.78

2

40508.39

4.44

.02

6754.44

4

1688.61

0.18

.94

273906.78

30

9130.23

Eccentric Phase
Technique (T)
Error1
Positions (P)
TxP
Error2

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
1. No significant difference was found among the three Technique groups,
E(2, 9) = 0.01, Q = .99. The means for the three groups were 415.67 µv,
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433.20 µv, and 416.83 µv for Ballet Technique I, Technique II, and Technique ill,
respectively.
2. No significant difference was found among the three positions, E(2, 18) =
1.17, Q = .33. The means for the first position, fourth position,. and fifth position were
385.67 µv, 449.00 µv, and 435.42 µv, respectively.
3. The interaction effect technique by position was not significant, E(4, 18) =
0.06, Q = .99.
Results for the eccentric phase for the rectus femoris were:
1. No differences were found among the means 294.33 µv, 322.89 µv, and
266.44 µv for Ballet Technique I, Technique II, and Technique III, respectively,
E(2,15) = 0.24, Q = .79.
2. A significant difference was found among the three positions E.(2,30) =
4.44, Q = .02. The means for the three positions were 239.78 µv, 321.83 µv, and
322.06 µv for first position, fourth position, and fifth positions, respectively. The
Tukey HSD, g(3, 30) = 78.60, Q < .05, indicated a significant difference between the
first and fifth positions and between the first and fourth positions. No difference was
found between fourth and fifth positions.
3. The first order interaction effect technique by position was not significant,
E(4, 30) = 0.18, I! = .94.
The ANOVA results for the vastus lateralis for both the concentric and
eccentric phases are presented in Table 3. For the concentric phase the results were
as follows:
1. No significant difference was found among the three Technique groups,
E(2, 9) = 0.09, Q = .92. The means for the three groups were 516.33 µv, 599.93 µv,
and 494.50 µv for Ballet Technique I, Technique II, and Technique III, respectively.
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Table 3
ANOVA Summary for Peak EMG for the Vastus Lateralis
During the Concentric and Eccentric Phases

ss

df

MS

E

83219.62

2

41609.81

0.09

.92

4196062.60

9

466229.08

103657.44

2

51828.72

1.54

.24

T xP

68085.14

4

17021.29

0.51

.73

Error2

605570.13

18

33642.79

70734.70

2

35367.35

0.21

.81

2500642.28

15

166709.49

179512.48

2

89756.24

2.74

.08

TxP

86320.96

4

21580.24

0.66

.63

Error2

9828 I 1.89

360

32760.40

Source
Concentric Phase
Technique (T)
Error1
Positions (P)

Eccentric Phase
Technique (T)
Error1
Positions (P)

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
2. No significant difference was found among the three positions, E(2, 18) =
1.54, Q = .24. The means for first position, fourth position, and fifth position were
482.83 µv, 629.92 µv, and 518.92 µv, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 18) =
0.51,

Q=

.73.

Results for the eccentric phase for the vastus lateralis were as follows:
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1. No difference was found among the means, 348.22 µv, 435.30 µv, and
405.33 µv for Ballet Technique I, Technique II, and Technique III, respectively,
E(2, 15) = 0.21, 12 = .81.
2. There was no significant difference found among the three positions,
E(2, 30) = 2.74, Q = .08. The means for the three positions were 315.06 µv, 442.44
µv, and 431.56 µv for first position, fourth position, and fifth position, respectively.

3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = 0.66,

Q

= .63.

Time to Peak EMG
Time to peak represented the time from the beginning of the muscle
contraction to where the muscle reaches its maximum value. Separate ANOVAs were
calculated for each muscle and each phase.
The ANOVA results for the vastus medialis for both the concentric and
eccentric phases are presented in Table 4. For the concentric phase the results were
as follows:
1. No significant difference was found among the three technique groups,
E(2, 9) = 0.11, Q = .90. The means for the three groups were 462.78 ms, 604.99 ms,
and 659.49 ms for Ballet Technique I, Technique II, and Technique II, respectively.
2. No significant difference was found among the three positions, E(2, 18) =
0.76, Q = .48. The means for the first position, fourth position, and fifth position were
734.86 ms, 564.79 ms, and 463.17 ms, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 18) =
0.53, Q = .71.
Results for the eccentric phase for the vastus me<lialis were as follows:
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Table 4
ANOV A Summary for Time to Peak for the Vastus Medialis
During the Concentric and Eccentric Phases
df

MS

E

206784.12

2

103392.06

0.11

.90

8486477.08

9

942941.90

Positions (P)

444025.31

2

222012.65

0.76

.48

Tx P

624413.81

4

156103.45

0.53

.71

Error2

5261790.18

18

292321.68

Technique (T)

1366217.95

2

683108.98

2.27

.14

Error1

4519075.44

15

301271.70

Positions (P)

4324839.25

2

2162419.62

4.95

.01

Tx P

2822117.11

4

705529.28

1.62

.20

Error2

13093626.57

30

436454.22

Source

ss

Concentric Phase
Technique (T)
Error1

Eccentric Phase

Note. Error1 = Subj. W. Groups; Error2 = Px Subj. W. Groups.
1. No difference was found among the technique means, 2203.32 ms, 1916.63
ms, and 1831.48 ms for Ballet Technique I, Technique II, and Technique III,
respectively, E(2, 15) = 2.27, Q = .14.
2. A significant difference was found among the three positions, E(2, 30) =
4.95,

Q

= .01. The means for the three positions were 1812.07 ms, 1756.61 ms, and

2382.75 ms for first position, fourth position, and fifth position, respectively. The
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Tukey HSD, g(3, 30) = 543.45, p_ < .05, indicated a significant difference between the
first and fifth positions and the fourth and fifth positions. No differences were found
between the first and fourth positions.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = 1.62, n = .20.
The ANOVA results for the rectus femoris for both the eccentric and
concentric phases are presented in Table 5. For the concentric phase the results were
as follows:
1. No significant difference was found among the three technique groups,
E(2, 9) = 0.81, p_ = .48. The means for the three groups were 358.21 ms, 599.30 ms,
and 297.56 ms for Ballet Technique I, Technique II, and Technique III, respectively.
2. No significant difference was found among the three positions, E(2, 18) =
1.72, p_ = .21. The means for first position, fourth position, and fifth position were
433.95 ms, 552.68 ms, and 328.69 ms, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 18) =
1.40, n = .28.
Results for the eccentric phase for the rectus femoris were as follows:
1. No difference was found among the means, 2095.63 ms, 1662.19 ms, and
1795.33 ms for Ballet Technique I, Technique II, and Technique III, respectively,
E(2, 15) = 1.47,

n = .26.

2. No significant difference was found among the positions, E(2, 30) = 3.19,
p_ = .06. The means for the three positions were 1694.64 ms, 1681.48 ms, and
2177.03 ms for first position, fourth position, and fifth position, respectively.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = .76, p_ = .56.
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Table 5
ANOVA Summary for Time to Peak for the Rectus Femoris
During the Concentric and Eccentric Phases
Source

ss

df

MS

E

684240.89

2

342120.44

0.81

.48

3808690.38

9

423187.82

Positions (P)

321356.92

2

160678.46

1.72

.21

Tx P

521993.75

4

130498.44

1.40

.28

Error2

1683242.66

18

93513.48

Technique (T)

1774689.58

2

887344.79

1.47

.26

Error1

9073428.86

15

604895.26

Positions (P)

2870683.31

2

1435341.65

3.19

.06

TxP

1365413.96

4

341353.49

.76

.56

Error2

13504704.33

30

450156.81

Concentric Phase
Technique (T)
Error1

Eccentric Phase

Note. Error1 = Subj. W. Groups; Error2 = Px Subj. W. Groups.
The ANOVA results for the vastus lateralis for both the concentric and
eccentric phases are presented in Table 6. For the concentric phase the results were
as follows:
1. No significant difference was found among the three technique groups,
E(2, 9) = 1.17, R = .35. The means for the three groups were 451.54 ms, 349.82 ms,
and 247.67 ms for Ballet Technique I, Technique II, and Technique Ill, respectively.
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Table 6
ANOVA Summary for Time to Peak EMG for the Vastus Lateralis
During the Concentric and Eccentric Phases

ss

df

MS

E

Q

Technique (T)

215679.45

2

107839.72

1.17

.35

Error 1

829094.10

9

92121.57

Positions (P)

248825.85

2

124412.92

0.91

.42

TxP

382647.51

4

95661.88

.70

.60

Error2

2452177.61

18

136232.09

1053908.65

2

526954.32

0.67

.53

11788760.55

15

785917.37

Positions (P)

2074778.49

2

1037389.25

3.33

.05

TxP

1238518.04

4

309629.51

0.99

.43

Error2

9356074.47

30

311869.15

Source
Concentric Phase

Eccentric Phase
Technique (T)
Error1

Note. Error1 = Subj. W. Groups; Error2 = Px Subj. W. Groups.
2. No significant difference was found among the three positions, E(2, 18) =
0.91, Q = .42. The means for first position, fourth position, and fifth position were
256.76 ms, 340.92 ms, and 425.93 ms, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 18) =
0.70, Q = .60.
Results for the eccentric phase for the vastus medialis were as follows:
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1. No difference was found among the technique means, 1946.59 ms, 1847.00
ms, and 1613.27 ms for Ballet Technique I, Technique II, and Technique III,
respectively, E = 2, 15) = 0.67, Q = .53.
2. A significant difference was found among the three positions, E(2, 30) =
3.33,

Q

= .05. The means for the three positions were 1742.23 ms, 1597.95 ms, and

2066.68 ms for first position, fourth position, and fifth position, respectively. The
Tukey HSD, g(3, 30) = 459.38, Q < .05, indicated a significant difference between
fourth and fifth positions. No differences were found between first and fourth
positions or between first and fifth positions.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = 0.99, Q = .43.
EMGimpulse
EMG impulse represented the area under the EMG curve, calculated by
multiplying micro volts times time. Separate ANOVAs were calculated for each
muscle and for each phase.
The ANOVA results for the vastus medialis for both the concentric and
eccentric phases are presented in Table 7. For the concentric phase the results were
as follows:
1. No significant difference was found among the three technique groups,
E(2, 9) = 0.55, Q = .60. The means for the three groups were 1028.99 mv • ms,
845.93 mv • ms, and 1017.10 mv • ms for Ballet Technique I, Technique II, and
Technique III, respectively.
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Table 7
ANOVA Summary for EMG Impulse for the Vastus Medialis
During the Concentric and Eccentric Phases

ss

df

MS

E

272574.20

2

136287.10

0.55

.60

2230212.70

9

247801.41

135527.43

2

67763.71

1.50

.25

TxP

54467.70

4

13616.92

0.30

.87

Error2

812109.52

18

45117.20

669620.63

2

334810.32

1.69

.22

2971205.33

15

198080.36

Positions (P)

286802.22

2

143401.11

3.31

.05

TxP

123354.23

4

30838.56

0.71

.59

Error2

1299712.72

30

43323.76

Source
Concentric Phase
Technique (T)
Error1
Positions (P)

Eccentric Phase
Technique (T)
Error1

Note. Error1 = Subj. W. Groups; Error2 = PxSubj. W. Groups.
2. No significant difference was found among the three positions, E(2, 18) =

1.50, n = .25. The means for first position, fourth position, and fifth position were
874.88 mv • ms, 1021.82 mv • ms, and 949.55 mv • ms, respectively.

3. The interaction effect, technique by position, was not significant, E(4, 18) =

o.3o, n = .87.
Results for the eccentric phase for the vastus medialis were as follows:
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1. No significant difference was found among the technique means, 735.23
mv • ms, 880.08 mv • ms, and 607.49 mv • ms for Ballet Technique I, Technique II,
and Technique III, respectively, 1:(2, 15) = 1.69, l2 = .22.
2. A significant difference was found among the positions, 1:(2, 30) = 3.31,
n = .05. The means for the three positions were 648.99 mv • ms, 746.59 mv • ms, and
827.23 mv • ms for first position, fourth position, and fifth position, respectively. The
Tukey HSD, g(3, 30) = 171.22, n < .05, indicated a significant difference between the
first and fifth positions. No significant differences were found between first and
fourth positions or between fourth and fifth positions.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = o.71, n = .59.
The ANOVA results for the rectus femoris for both the concentric and
eccentric phases are presented in Table 8. For the concentric phase the results were
as follows:
1. No significant difference was found among the three technique groups,
E(2, 9) = 0.06, n = .94. The means for the three groups were 386.33 µv • s, 356.49
µv • s, and 345.95 µv • s for Ballet Technique I, Technique II, and Technique III,
respectively.
2. No significant difference was found among the three positions, 1:(2, 18) =

0.63, n = .55. The means for first position, fourth position, and fifth position were
343.13 µv • s, 376.39 µv • s, and 361.80 µv • s, respectively.

3. The interaction effect, technique by position, was not significant, 1:(4, 18) =
0.82, 12 = .53.
Results for the eccentric phase for the rectus femoris are presented below:
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Table 8
ANOVA Summary for EMG Impulse for the Rectus Femoris
During the Concentric and Eccentric Phases

ss

df

8787.35

2

4393.67

626567.50

9

69618.61

Positions (P)

11370.75

2

TxP

29881.48

Error2

Source

MS

E

Concentric Phase
0.06

.94

5685.37

0.63

.55

4

7470.37

0.82

.53

163428.72

18

9079.37

11596.16

2

5798.08

0.16

.86

557951.28

15

37196.75

Positions (P)

43853.89

2

21926.94

3.20

.06

TxP

15218.73

4

3804.68

0.56

.70

Error2

205398.24

30

6846.61

Technique (T)
Error1

Eccentric Phase
Technique (T)
Error1

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
1. No difference was found among the means, 322.76 µv • s, 331.70 µv • s,
and 297.12 µv • s for Ballet Technique I, Technique II, and Technique III,
respectively, E(2, 15) = 0.16,

Q

= .86.

2. No significant difference was found among the three positions, E(2, 30) =
3.20, Q = .06. The means for the three positions were 278.47 µv • s, 326.87 µv • s,
and 346.23 µv • s for first position, fourth position, and fifth positions, respectively.
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3. The first order interaction effect, technique by position, was not significant,
.E(4, 30) = o.56,

Q

= .10.

The ANOVA results for the vastus lateralis for both the concentric and
eccentric phases are presented in Table 9. For the concentric phase the results were
as follows:
Table 9
ANOVA Summary for EMG Impulse for the Vastus Lateralis
During the Concentric and Eccentric Phases
Source

ss

df

MS

E

1.17

.35

Concentric Phase
Technique (T)

1392057.19

2

696028.60

Error1

5367876.51

9

596430.72

698082.49

2

349041.25

1.15

.34

TxP

1516481.94

4

379120.48

1.25

.32

Error2

5440607.67

18

302255.98

38047.67

2

19023.84

0.12

.89

2443666.15

15

162911.08

102939.16

2

51469.58

2.17

.13

TxP

72029.22

4

18007.31

0.76

.56

Error2

710545.20

30

23684.84

Positions (P)

Eccentric Phase
Technique (T)
Error1
Positions (P)

Note. Error1 = Subj. W. Groups; Error2 = PxSubj. W. Groups.
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1. No significant difference was found among the three technique groups,
E(2, 9) = 1.17, Q = .35. The means for the three technique groups were 903.25
µv • s, 425.01 µv • s, and 489.50 µv • s for Ballet Technique I, Technique II, and
Technique III, respectively.
2. No significant difference was found among_the three positions, E(2, 18) =
1.15, Q = .34. The means for first position, fourth position, and fifth position were
709.96 µv • s, 528.17 µv • s, 460.08 µv • s, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 18) =
1.25,

Q

= .32.
Results for the eccentric phase for the vastus lateralis are presented below:
1. No difference was found among the technique means, 415.76 µv • s,

448.78 µv • s, 383.76 µv • s for Ballet Technique I, Technique II, and Technique Ill,
respectively, E(2, 15) = 0.12, Q = .89.
2. No difference was found among the three positions, E(2, 30) = 2.17, Q =
.13. The means for the three positions were 371.17 µv • s, 401.88 µv • s, 475.24
µv • s for first position, fourth position, and fifth position, respectively.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = o.76, 12 = .56.
Force Data
Center of Pressure
Center of pressure represented the displacement of the body's center of
gravity measured in both an anterior/posterior and lateral direction. Separate
ANOVAs were calculated for each direction.
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The ANOVA results for the center of pressure for both directions are
presented in Table 10. For the anterior/posterior directions the results were as
follows:
Table 10
ANOVA Summary for Anterior/Posterior and Lateral
Displacement of the Center of Pressure

ss

df

MS

E

Technique (T)

.00172

2

.00086

1.17

.34

Error1

.01029

14

.00074

Positions (P)

.02081

2

.01041

1.47

.25

TxP

.01200

4

.00300

0.42

.79

Error2

.19809

28

.00707

Technique (T)

.01386

2

.00693

5.08

.02

Error1

.01908

14

.00136

Positions (P)

.00284

2

.00142

1.30

.29

TxP

.00344

4

.00086

0.79

.54

Error2

.03058

8

.00109

Source
Anterior/Posterior

Lateral

Note. Error1 = Subj. W. Groups; Error2 = PxSubj. W. Groups.
1. No significant difference was found among the three technique groups,
E(2, 14) = 1.17, ll = .34. The means for the three groups were 0.02474 m,
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0.03791 m, and 0.02749 m for Ballet Technique I, Technique II, and Technique ID,
respectively.
2. No significant difference was found among the three positions, E(2, 28) =
1.47, 12 = .25. The means for first position, fourth position, and fifth position were
0.01222 m, 0.01858 m, and 0.05980 m, respectively..
3. The interaction effect, technique by position, was not significant, E(4, 28) =
0.42, 12 = .79.
Results for the lateral direction for center of pressure were as follows:
1. A significant difference was found among the technique means, .05058 m,
.07096 m, and .02985 m for Ballet Technique I, Technique II, and Technique III,
respectively, E(2, 14) = 5.08, 12 = .02. The Tukey HSD, g(3, 30) = .024, 12 < .05,
indicated a significant difference between fourth and fifth positions. No differences
were found between first and fourth positions or between first and fifth positions.
2. No significant difference was found among the three positions, E(2, 8) =
1.30, Q = .29. The means for the three positions were 0.05028 m, 0.06160 m, and
0.04315 m for first position, fourth position, and fifth position, respectively.
3. The first order interaction effect, technique by position, was not significant,
E(4, 8) = o.79, 12 = .54.

Time represented the elapsed time for the concentric and eccentric phases.
The ANOVA results for the time for concentric and eccentric phases are presented in
Table 11. For the concentric phase the results were as follows:
1. No significant difference was found among the three technique groups,
E(2, 15) = 0.49, Q = .62. The means for the three groups were 2143.89 ms, 2194.78
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ms, and 2383.78 ms for Ballet Technique I, Technique II, and Technique III,
respectively.
2. No significant difference was found among the three positions, 1:(2, 30) =
0.47, Q = .63. The means for the first position, fourth position, and fifth position were
2252.50 ms, 2162.67 ms, and 2307.28 ms, respectively.
3. The interaction effect, technique by position, was not significant, 1:(4, 30) =
0.44, Q = .78.
Table 11
ANOVA Summary for Time for the Concentric and Eccentric Phases

E

Source
Concentric Phase
575144.15

2

287572.07

8779046.67

15

585269.78

Positions (P)

191898.04

2

TxP

361488.30

Error2

Technique (T)

.49

.62

95949.02

0.47

.63

4

90372.07

0.44

.78

6168065.00

30

205602.17

272223.59

2

136111.80

0.26

.77

Error1

7867373.89

15

524491.59

Positions (P)

2935130.04

2

1467565.02

5.12

.01

TxP

1418853.52

4

354713.38

1.24

.32

Error2

8593240.44

30

286441.35

Error1

Eccentric Phase
Technique (T)

Note. Error1 = Subj. W. Groups; Error2 = Px Subj. W. Groups.
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Results for the eccentric phase for time were as follows:
1. No difference was found among the means, 2694.83 ms, 2523.56 ms, and
2583.06 ms for Ballet Technique I, Technique II, and Technique III, respectively,
E(2, 15) = 0.26, Q = .77.
2. A significant difference was found among the three positions, E(2, 30) =
5.12,

Q=

.01. The means for the three positions were 2624.94 ms, 2303.50 ms, and

2873.0 ms for first position, fourth position, and fifth position, respectively. The
Tukey HSD, g(3, 30) = 440.26, Q < .05, indicated a significant difference between the
first and fifth positions. The first and fourth positions, and the fourth and fifth
positions were not significantly different.
3. The first order interaction effect, technique by position, was not significant,
E(4, 30) = 1.24, 12 = .32.
Impact represented the maximum force in the vertical direction that occurred
during the eccentric phase of the motion. The ANOVA summary for impact is
presented in Table 12. The results from impact forces are presented below:
1. No significant difference was found among the three technique groups,
E(2, 14) = 1.93,

Q=

.18. The means for the three groups were 504.72 N, 509.39 N,

and 611.07 N for Ballet Technique I, Technique II, and Technique III, respectively.
2. No significant difference was found among the three positions, E(2, 28) =
0.08, Q = .93. The means for the first position, fourth position, and fifth position were
543.29 N, 525.59 N, and 544.06 N, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 28) =
0.55, Q = .70.
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Table 12
ANOVA Summary for Impact Forces
Source

ss

df

MS

E
1.93

.18

Technique (T)

114742.82

2

57371.41

Error1

416959.49

14

29782.82

3172.59

2

1586.30

0.08

.93

TxP

46227.10

4

11556.77

0.55

.70

Error2

585819.18

28

20922.11

Positions (P)

Note. Error1 = Subj. W. Groups; Error2 = Px Subj. W. Groups.
Thrust Forces
Thrust represented the maximum vertical force acting in the vertical direction
during the concentric phase of the motion. The ANOVA summary for thrust is
presented in Table 13. The results for thrust are presented below:
1. No significant difference was found among the three technique groups,
E(2, 14) = 0.69, Q = .52. The means for the three groups were 652.28 N, 630.11 N,
and 712.80 N for Ballet Technique I, Technique II, and Technique III, respectively.
2. No significant difference was found among the three positions, E(2, 28) =
0.47, Q = 0.63. The means for first position, fourth position, and fifth position were
679.00 N, 649.29 N, and 658.47 N, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 28) =
0.25, Q = .90.
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Table 13
ANOVA Summary for Thrust Forces
df

MS

E

58711.9

2

29355.95

0.69

.52

599921.79

14

42851.56

Positions (P)

7311.15

2

3655.58

0.47

.63

TxP

7850.17

4

1962.54

0.25

.90

216569.91

28

7734.64

Source

ss

Technique (T)
Error 1

Error2

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
Horizontal Posterior Forces
The horizontal posterior forces or braking forces are the horizontal ground
reaction forces that act backward with respect to the subject. The ANOVA summary
for the braking force is presented in Table 14. The results for the braking forces are
as follows:
1. No significant difference was found among the three technique groups,
E(2, 14) = 1.57, Q = .24. The means for the three groups were -31.78 N, -34.17 N,
and -45.40 N for Ballet Technique I, Technique II, and Technique Ill, respectively.
2. No significant difference was found among the three positions, E(2, 28) =
2.90, Q = .07. The means for first position, fourth position, and fifth position were
-37.12 N, -44.53 N, and -28.24 N, respectively.
3. The interaction effect, technique by position, was not significant, E(4, 28) =
0.97, 12 = .44.

41
Table 14
ANOVA Summary for Horizontal Posterior Forces

ss

df

MS

E

Technique (T)

1686.71

2

843.36

1.57

.24

Error1

7535.88

14

538.28

Positions (P)

2474.83

2

1237.42

2.90

.07

TxP

1654.38

4

413.60

0.97

.44

Error2

11940.09

28

426.43

Source

Note. Error1 = Subj. W. Groups; Error2 = PxSubj. W. Groups.
Horizontal Anterior Forces
The horizontal anterior forces or propulsion forces represented the horizontal
ground reaction forces that act forward with respect to the subject. The ANOVA
summary for propulsion forces is presented in Table 15. The results for the
propulsion forces are as follows:
1. No significant difference was found among the three technique groups,
E(2, 14) = 1.61, Q = .24. The means for the three groups were 69.28 N, 51.17 N, and
61.20 N for Ballet Technique I, Technique II, and Technique III, respectively.
2. A significant difference was found among the three positions, E(2, 28) =
18.71, Q = .00. The means for first position, fourth position, and fifth position were
46.82 N, 95.82 N, and 38.88 N, respectively. The Tukey HSD, g(3,28) = 24.27,
Q < .05, indicated significant differences between first and fourth positions and
between the fourth and fifth positions.
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3. The interaction effect, technique by position, was not significant, E(4, 28) =
0.93, Q = .46.
Table 15
ANOVA Summary for Horizontal Anterior Forces

ss

df

MS

E

2962.23

2

1481.12

1.61

.24

122915.18

14

922.51

32580.87

2

16290.43

18.71

.00

TxP

3228.41

4

807.10

0.93

.46

Error2

24374.89

28

870.53

Source
Technique (T)
Error1
Positions (P)

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
Medial Force
Medial force represented the horizontal ground reaction forces that act to the
left side of the subject. The ANOVA summary for maximum medial force is
presented in Table 16. The results for medial forces included the following:
1. No significant difference was found among the three technique groups,
E(2, 14) = 1.06, n = .37. The means for the three groups were -62.28 N, -68.44 N,
and -76.93 N for Ballet Technique I, Technique II, and Technique III, respectively.
2. A significant difference was found among the three positions, E(2, 28) =
37.88, n = .00. The means for the first position, fourth position, and fifth position
were -95.65 N, -27.53 N, and -83.12 N, respectively. The Tukey HSD, _g(3, 28) =
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20.22, Jl < .05, indicated significant differences between the first and fourth positions
and between the fourth and fifth positions.
3. The interaction effect, technique by position, was not significant, E(4, 28) =
1.85, ll = .15.
Table 16
ANOVA Summary Table for Medial Forces

ss

df

1760.19

2

880.09

Error1

11668.32

14

833.45

Positions (P)

45786.78

2

TxP

4463.46

Error2

16921.91

Source
Technique (T)

MS

E
1.06

.37

22893.39

37.88

.00

4

115.87

1.85

.15

28

604.35

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
Lateral Force
Lateral force represented the horizontal ground reaction forces that act to the
right side of the subject. The ANOVA summary for the maximum lateral force are
presented in Table 17. The results for the lateral forces are as follows:
1. No significant difference was found among the three technique groups,
E(2, 14) = 1.41, Jl = .28. The means for the three groups were 34.11 N, 24.78 N, and
41.27 N for Ballet Technique I, Technique II, and Technique III, respectively.
2. A significant difference was found among the three positions, E(2, 18) =
4.49, Jl = .02. The means for first position, fourth position, and fifth position were
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22.00 N, 29.00 N, and 47.76 N, respectively. The Tukey HSD, g(3, 28) = 22.21,
ll < .05, indicated a significant difference between the first and fifth positions.
3. The interaction effect, technique by position, was not significant, E(4, 28) =
1.05, 12 = .40.
Table 17
ANOVA Summary Table for Lateral Forces

ss

df

MS

E

2263.86

2

1131.93

1.41

.28

11203.16

14

800.23

Positions (P)

6554.94

2

3277.47

4.49

.02

TxP

3069.13

4

767.28

1.05

.40

Error2

20416.91

28

729.18

Source
Technique (T)
Error1

Note. Error1 = Subj. W. Groups; Error2 = P x Subj. W. Groups.
Positive Torque
Positive torque represented the twisting action to the left that the feet apply
to the force platform. The ANOVA summary for positive torque is presented in
Table 18. The following results occurred:
1. No significant difference was found among the three technique groups,
1:(2, 14) = 0.18, ll = .84. The means for the three groups were 4.44 Nm, 5.13 Nm,
and 4.91 Nm, respectively.
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2. No significant difference was found among the three positions, E.(2, 28) =
0.70, Q = .51. The means for first position, fourth position, and fifth position were
4.53 Nm, 4.50 Nm, and 5.44 Nm, respectively.
3. The interaction effect, technique by position, was not significant, E.(4, 28) =
0.53, Q = .72.
Table 18
ANOVA Summary Table for Positive Torque
df

MS

F

4.42

2

2.21

0.18

.84

172.27

14

12.31

8.43

2

4.21

0.70

.51

TxP

12.79

4

3.20

0.53

.72

Error2

169.42

28

6.05

Source

ss

Technique (T)
Error1
Positions (P)

Note. Error1 = Subj. W. Groups; Error2 = Px Subj. W. Groups.
Negative Torque
Negative torque represented the twisting action to the right that the feet apply
to the force platform. The ANOV A summary for negative torque are presented in
Table 19. The results are summarized below:
1. No significant difference was found among the three technique groups,
E(2, 14) = 0.34, Q =.72. The means for the three groups were-4.61 Nm, -4.76 Nm,
and -5.17 Nm for Ballet Technique I, Technique II, and Technique III, respectively.
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2. A significant difference was found among the three positions, 1:(2, 28) =
12.97, n = .00. The means for first position, fourth position, and fifth position were
-3.56 Nm, -5.49 Nm, and -5.43 Nm, respectively. The Tukey HSD, g(3, 28) = 1.04,

n < .05, indicated significant differences between the first and fourth positions and
between the first and fifth positions.
3. The interaction effect, technique by position, was not significant, 1:(4, 28) =
2.03, n = .12.
Table 19
ANOVA Summary Table for Negative Torque
Source

ss

df

MS

E

Technique (T)

2.65

2

1.32

0.34

.72

Error1

54.96

14

3.93

Positions (P)

41.33

2

20.66

12.97

.00

TxP

12.92

4

3.23

2.03

.12

Error2

44. 60

28

1.59

Note. Error1 = Subj. W. Groups; Error2 = PxSubj. W. Groups.
Discussion
The results indicated more similarities than differences among the groups and
among the positions for both the EMG data and the force data. Also, the results
showed similarities for the majority of the variables in the concentric phase and more
differences among the variables in the eccentric phase.

Temporal Data
There was no significant difference in time to execute the concentric or
eccentric phases among the groups. The eccentric phase was longer, M = 2600.48
ms, than the concentric phase, M = 2240.82 ms. Plies are movements that are
described as a slow, fluid, and controlled movement. Therefore, the eccentric phase
would be expected to be longer than the concentric. The slower movements allow for
a greater motor control, resulting in greater balance. The time for the positions for
the concentric phase was not significant. Therefore, leg strength and balance did not
affect the time of the concentric phase. However, this was not the case for the time of
the eccentric phase. For the eccentric phase, significance differences were found
between first and fourth positions, fourth and fifth positions, and first and fifth
positions. These differences can be attributed to the different degree of flexibility and
the degree of stability associated with the positions. The fifth position requires the
legs to be more flexible than the other two positions and has a smaller base of
support than first or fourth positions. Thus, it would seem logical that in the fifth
position it would take longer to execute the eccentric phase than the other two
positions. Also, a time difference was found between first position and fourth
position. First position was longer than fourth position. This difference may have
been due to the limited area of the base of support in the anterior/posterior direction
for the first position compared to the fourth position. Executing a plie, the line of
gravity is over the front or anterior portion of the base. Therefore, if the base is small
in the anterior/posterior direction, there will be less stability associated with this
dynamic movement compared to the stability in the fourth position. Vaganova (1969)
stated that dancers will lower their heels during the plie at various times, thus
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causing differences in execution time. The lowering of the heels would affect the
size of the base of support, making it larger and thus increasing the stability of the
dancer.
Center of Pressure
Center of pressure is measured as the linear displacement that the center
moves during the motion. For this study, the displacement is measured in the
anterior/posterior direction and in the lateral direction. The smaller the displacement
of the center of pressure, the more stable the subject was during the plie. No
significance was found for the center of pressure among the groups or among the
positions in the anterior/posterior direction. This result was not expected. The
investigator believed that a difference would occur between the Technique I and
Technique Ill groups. Although there were no differences between the positions, fifth
position had a greater anterior/posterior center of pressure displacement than first
and fourth position.
Center of pressure in the lateral direction was significantly different between
the groups. Technique II had a significantly greater lateral displacement than
Technique III, and Technique I's lateral displacement was greater, though not
significantly different, than Technique Ill's. When looking at lateral center of
pressure displacement in a plie, the more advanced dancer should have a greater
degree of motor control and thus greater equilibrium. Dancers in this study were
quite stable in the anterior/posterior direction due to their base of support, but the
less skilled dancers were more unstable in the lateral direction.
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Vertical Forces
Two vertical forces were measured; impact force occurred during the
eccentric phase, and thrust force occurred during the concentric phase of the motion.
No differences were found among the technique groups or among the positions.
During the concentric phase, greater forces (thrust), M = 665.06 N for groups and M
= 662.25 N for positions, occurred than during the eccentric phase, M = 541.73 N
for groups and M = 537.65 N for positions. This difference is due to the down
unweighting of the body to create the negative work associated with the eccentric
phase compared to the up-unweighting that occurs to create positive work in the
concentric phase (Hay, 1993). If the unweighting phenomenon did not occur, the
mean forces would be the same for both phases of the motion. The value of the
vertical forces for the groups is, to a great degree, reflective of the weights of the
individuals that comprise each group. Although no significant difference existed
among the positions for either the impact or thrust force, the greatest forces for both
thrust and impact forces were created in the fourth position. The first and fifth
positions were very similar with respect to vertical forces exerted. This could be
related to the fact that in both the first and fifth positions the feet are placed close
together, thus there is a smaller base of support than in the fourth position. Despite
these differences, the groups and the positions are more similar than dissimilar.
Horizontal Forces
Horizontal forces occurred in two directions: anterior or forward and
posterior or backwards. No significant differences were found for the horizontal
anterior or posterior forces among the groups, M = 37.12 N for the posterior
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direction and M = 60.55 N for the anterior direction. The difference between the
directions was the same relationship that exists for gait patterns, such as walking or
running, executed on flat surfaces. For these gait patterns, the posterior or braking
force is always smaller than the anterior or propulsion force. For gait, this is caused
by a greater range of motion in the anterior or forward position compared to the
posterior or backward position. For the plie motion in all positions, there would also
be a greater range of motion in the anterior direction than in the posterior direction.
In the posterior direction, the mean forces among the positions were not significantly
different, but in the anterior direction they were significantly different. The fourth
position had the greatest force, and the fifth position had the smallest force. The first
and fifth positions were about the same magnitude. The same pattern, although not
significant, occurred in the posterior direction.
The mechanics used to maintain stability in the fourth and fifth positions are
different than in the first position. In first position, the heels are touching and the feet
form a straight line, but in both the fourth and fifth positions, the feet are parallel to
each other, with one in front of the other (Vaganova, 1969). In the fourth position,
the feet are a greater distance apart, whereas in the fifth position, the feet are beside
one another with space between them. In the fourth position, the dancers positioned
their center of gravity towards the anterior edge of their base of support, creating an
action force backward and thus a reaction force in the forward or anterior direction.
This was not possible to the same extent in fifth position due to the smaller distance
between the feet. The angle of push backward would create a smaller force than
created in the fourth position.
A small difference was found between the anterior forces for the first and fifth
positions. This occurred because the distances in the base of support forward and
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backward for first and fifth positions are very similar, thus the angle at which the
body's center of gravity could push backward would be about the same for these
positions (Lee, 1983).
Medial and Lateral Forces
The medial forces were the horizontal forces that acted to the left of the
subjects and the lateral forces acted horizontally to the right of the subjects. For the
medial and lateral directions, there were no significant differences among the groups.
However, it should be noted that the medial forces were greater, M = 69.22 N, than
the lateral forces, M = 33.39 N. Therefore, it was assumed that the subjects pushed
harder toward their right or lateral side, creating a ground reaction force in the medial
direction. This same relationship occurred for the positions, M = 68.77 N and M =
32.92 N for medial and lateral forces, respectively. This may be linked to left- and
right-sided dominance. In the medial direction, significantly smaller force occurred
for the fourth position than for the first position or for the fifth position. Again, this
result was thought to relate to the greater base of support found in the anterior/
posterior direction for the fourth position compared to the first and fifth position.
Torque
Torque is the twisting action that the feet apply to the ground. For this study
positive torque was a twisting action to the left and negative torque was a twisting
action to the right. Positive torque was not significant among the groups or among
the positions. Negative torque was not significant among the groups but was among
the positions. The mean negative torques for the first, fourth, and fifth positions were
-3.56, -5.49, and -5.43 N • m, respectively. Although a significant difference existed
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only between the first and fourth positions, the means indicate fourth and fifth
positions are similar and first and fourth and first and fifth are dissimilar. This pattern
existed because of the similarities between the placement of the feet in the fourth and
fifth positions and their dissimilarity to the first position. The placement of the
dominant foot in the fourth and fifth positions probably caused more negative torque
or twisting action to the right. The position of the feet in the first position allowed
about an equal amount of torque to occur in both directions, medial and lateral.

Three different EMG variables were collected for the three positions and the
three groups. The first variable was the area under the curve or EMG impulse. This
variable represents the entire activity of the muscle during both the concentric and
eccentric phases of the motion. The second variable was the peak EMG. Peak EMG
represents the greatest recruitment of the muscle during the motion analyzed. The
third variable was time to peak EMG. Of the three EMG variables, the impulse gives
the best overall picture of how the muscles were recruited.
The impulse results indicated that the groups used their muscles to the same
extent in both the eccentric and concentric phases. Also, there were no significant
differences between the positions during the concentric and eccentric phases for
impulse except in the vastus medialis. Therefore, the EMG impulse required to move
the body in the concentric phase of the plie was the same for all of the groups and for
all of the positions. Experience level of the subjects and the position of the feet did
not affect the recruitment of the EMG impulse response. The exception was the
vastus medialis during the eccentric phase across positions, in which a significant
difference occurred between the first position and the fifth position. This finding was
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not expected. In most dancers the vastus medialis is not as strong as the vastus
lateralis due to the fact that all the positions are outwardly rotated. The work of the
vastus lateralis is two-fold: (1) to extend the knee, and (2) to help maintain the
outwardly rotated position of the leg. The work of the rectus femoris also has two
jobs: (1) to extend the knee, and (2) to flex the hip. The work of the vastus medialis
would aid in knee extension. Besides knee flexion, the vastus medialis and the vastus
lateralis aid in keeping the patella in line with the center of the knee joint. Because in
most dancers the vastus medialis is weaker than the vastus lateralis, the response of
the vastus medialis may be recruited to a greater extent in the more difficult positions,
fourth and fifth.
Peak EMG and time to peak EMG showed consistent recruitment for all the
muscles among the groups and among the positions during the concentric phase.
During the eccentric phase, no differences existed among the groups. However,
differences existed between: (a) the first and fifth positions for the vastus medialis;
(b) the first and fourth position, and the first and fifth positions for the rectus femoris.
The differences for the rectus femoris may be related to the fact that in the first
position the feet are side-by-side and in the fourth and fifth position the feet are
parallel to one another. Therefore, no difference would be expected between the
fourth and fifth positions.
Visually comparing concentric and eccentric phases for the EMG data reveals
that the rectus femoris showed similar values for EMG impulse, M = 360.44 Ns and
M = 317.19 Ns, respectively, compared to the vastus medialis, M = 948.7 5 Ns and M
= 740.94 Ns, respectively, and the vastus lateralis, M = 566.07 Ns and M = 416.97
Ns, respectively.

CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS
Summary
The purpose of this study was to provide information pertaining to the
differences in ground reaction forces related to the knee in three positions. The
imbalance in muscular development in the lower extremities common in dancers is
related to the position in which most dance exercises occur, outward rotation. This
imbalance is thought to be related to many of the dance injuries to the lower
extremities, especially those in the knee.
EMG, ground reaction forces, and torques on female college-age dancers'
knees during selected movements in which the leg is fixed were studied. In the tum
out position, three fixed movements were compared: a grande plie in first, fourth, and
fifth positions.
EMG data were measured on a Myosoft 2000 data collection system
integrated with the analog-digital board used by Peak Motion Analysis hardware
software package. Data manipulation and analysis were accomplished on an IBM
compatible Tenex, Model 486 DX-2 with Peak 5V 1.2 software. The raw EMG
signal was filtered using a root mean square procedure then transferred to the
Myosoft EMG analysis on the Tenex 486 DX-2. The subjects were instructed to
perform 1 trial of each of the three specified movements. Mean values for peak
EMG, time to peak, and EMG impulse were calculated for both the concentric and
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eccentric phases of the movement for the vastus medialis, rectus femoris, and vastus
lateralis. Center of pressure displacement was measured anteriorly/posteriorly and
laterally. Time was calculated for the concentric phase as well as the eccentric phase.
Impact and thrust forces in the vertical direction were measured. Horizontal forces
were measured posteriorly and anteriorly and medially and laterally. Positive and
negative torques were also measured.
A split plot factorial analysis of variance design was used to analyze each
dependent variable. The independent variable was the outwardly rotated positior.s. A
grouping variable, technique, was used to divide the subjects into three groups.
Findings
For the eccentric phase, no differences were found for any of the dependent
variables except center of pressure in the lateral direction among the groups. For
center of pressure, a significant difference was found between Technique II and III
groups, but not between the other pairwise comparisons. Below is a list of the
differences that were found for the force data:
1. A significant difference was found among the mean phase times for the
positions, 1:(2, 30) = 5.12, Q = .01. For time, the fourth position was slower than the
first position.
2. A significant difference was found among the mean horizontal anterior
forces, E(2, 28) = 18.71, Q = .00. Forces in the fourth position were greater than in
the first position or in the fifth position.
3. A significant difference was found among the mean medial forces,
E(2, 28) = 37.88, Q = .00. The medial force in the first position was greater than the
fourth position and the fifth position was greater than the fourth position.
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4. A significant difference was found among the mean lateral forces,
E(2, 28) = 4.49, 12 = .02. The lateral force in the fifth position was greater than in the
first position.
5. A significant difference was found among the mean negative torques,
1:(2, 28) = 12.97, 12 = .00. Negative torque in both the fourth and fifth positions was
greater than in the first position.
For the dependent variables for the EMG data, no differences among the
means for the technique groups for either the concentric phase or for the eccentric
phase were found. Also, no differences were found for any of the dependent variables
for the EMG data among the means of the positions during the concentric phase.
Several differences existed among the means for the positions during the eccentric
phase; these findings are listed below:
1. A significant difference was found among the mean peak EMG positions
for the vastus medialis, 1:(2, 30) = 4.09, 12 = .03. The peak EMG in the first position
was smaller than in the fifth position.
2. A significant difference was found among the mean peak EMG positions
for the rectus femoris, 1:(2, 30) = 4.44, 12 = .02. The peak EMG in the first position
was smaller than in the fourth position and the fifth position.
3. A significant difference was found among the mean time to peak EMG for
the positions for the vastus medialis, 1:(2, 30) = 4.95, 12 = .01. The mean time to peak
EMG in the fifth position was greater than in the fourth position.
4. A significant difference was found among the mean time to peak EMG for
positions for the vastus lateralis, 1:(2, 30) = 3.33, 12 = .05. The time to peak EMG in
the fifth position was greater than in the fourth position.
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5. A significant difference was found among the mean EMG impulse for
positions for the vastus medialis, £(2, 30) = 3.31, n = .05. The mean EMG impulse in
the fifth position was greater than the first position.
Conclusions
Below is a list of conclusions that were drawn from the results of this study:
1. The Technique I, II, and m groups had more similar than dissimilar EMG
and force patterns.
2. During the concentric phase, the EMG was similar for the three positions.
3. Differences in forces found between the positions were related to the base
of support area in the anterior/posterior directions of the positions.
4. During the eccentric phase, the EMG activity of the rectus femoris and the
vastus lateralis was similar for all positions.
5. During the eccentric phase, the EMG activity of the vastus medialis
showed greater activity in the fifth position than in the first and fourth positions.
Recommendations
Several ideas warrant mention in regard to recommendations for further
research. Of the three movements studied, none were locomotive or provided much
impact force on the lower extremities. Further studies of ballet movements should
investigate the movements used in a locomotor sequence in which a greater amount
of force would be ·applied. In addition, highly skilled dancers at a younger age should
be investigated to determine potential differences in EMG. Also, variables such as
training, degree of outward rotation of the positions, rotation at hip and knee, and
dominate side should be studied.
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Kalamazoo. Michigan 49008-3899

Human Subjects lnst11u11ona1 Review Board

WESTERN MICHIGAN UNIVERSl1Y

Date:

13 October 1997

To:

Mary Dawson, Principal Investigator
0,.
Mary Hill, Student Inves
/)�i<>"

Q.

From: Richard Wright, Chair
Re:

�v,t::

\d>

HSIRB Project Number 97-10-07

This letter will serve as confirmation that your research project entitled "A Kinematic and
Kinetic Analysis of First, Second, Fourth and Fifth Positions in the Russian Ballet Method" has
been approved under the expedited category of review by the Human Subjects Institutional
Review Board. The conditions and duration of this approval are specified in the Policies of
Western Michigan University. You may now begin to implement the research as described in the
application.
Please note that you may only conduct this research exactly in the form it was approved. You
must seek specific board approval for any changes in this project. You must also seek reapproval
if the project extends beyond the termination date noted below. In addition if there are any
unanticipated adverse reactions or unanticipated events associated with the conduct of this
research, you should immediately suspend the project and contact the Chair of the HSIRB for
consultation.
The Board wishes you success in the pursuit of your research goals.
Approval Termination:

13 October 1998
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Western Michigan University
Department of Health, Physical Education, and Recreation

Principal Investigator: Dr. Mary Dawson
Research Associate: Mary Sue Hill
I have been invited to participate in a research project entitled "A Kinematic and
Kinetic Analysis of First, Second, Fourth, and Fifth Positions in the Russian Ballet
Method." I understand that this research is intended to study the stressors placed on
the knee in commonly repeated ballet movements. I further understand that this
project is Mary Sue Hill's thesis project.
My consent to participate in this thesis project indicates that I will be asked to attend
one, one-hour private session with Mary Sue Hill. I will be asked to meet Mary Sue
Hill at this session in the Biomechanics/Exercise Physiology Lab, room I 052, Student
Recreation Center. The session will involve participation in performing specific ballet
movements which will be analyzed. The movements include a grand-plie executed in
the first, second, fourth, and fifth positions. I understand that I will perform each of
these movements while standing on a force platform, in front of a video camera, and
attached to an EMG machine that will record the activity of three muscles used to
extend the knee (vastus lateralis, vastus medialis, and restus femoris). I further
understand that electrodes will be placed over the belly of the above muscles and
electrode site preparation involves rubbing the area with an alcohol prep-pad until the
skin is pink. Also, I understand that it might be necessary to shave the site for
electrode placement.
As in all research, there may be unforeseen risks to participant. If an accidental injury
occurs, appropriate emergency measures will be taken; however, no compensation or
treatment will be made available to me except as otherwise specified in this consent
form. I understand that one potential risk of my participation could be muscle
soreness.
One way in which I may benefit from this activity is understanding the muscular
imbalances that cause knee problems in dancers, and understanding what muscles
need strengthened in order to prevent injuries.
I understand that all the information collected from me is confidential. That means
that my name will not appear on any papers on which this information is recorded.
The forms will all be coded, and Mary Sue Hill will keep a separate master list with
the names of all participants and the corresponding code numbers. Once the data are
collected and analyzed, the master list will be destroyed. All other forms will be
retained for three years in a locked file in the principal investigator's laboratory.
I understand that I may refuse to participate or quit at any time during the study
without prejudice or penalty, or without any effect on my grade in my classes. If I
have any questions or concerns about this study, I may contact either Dr. Mary
Dawson at 387-2720 or Mary Sue Hill at 387-2689. I may also contact the Chair of

Human Subjects Institutional Review Board at 387-8293 or the Vice President for
Research at 387-8298 with any concerns that I have. My signature below indicates
that I understand the purpose and requirements of the study and that I agree to
participate.

Signature

Date
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CONDITIONING QUESTIONNAIRE
Department of Dance
Western Michigan University
Name:

------------------------

1.

Number of hours per day spent dancing:

2.

What other types of conditioning do you do?

Number of hours per week:

3.

List your injuries. Circle current injuries.

4.

Are you or could you be pregnant at this time?
Circle one:

YES

NO

AppendixD
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Western Michigan University
Department of Health, Physical Education, and Recreation

Recruitment Script
Graduate assistant Mary Sue Hill is looking for volunteers to participate in
her master's thesis research. The study is entitled "A Kinematic and Kinetic Analysis
of First, Second, Fourth, and Fifth Positions in the Russian Ballet Method." The
study requires 18 female volunteers between the ages of 17 and 30 years. Six are
needed from the Ballet Technique I class, six from the Ballet Technique II class, and
six from the Ballet Technique III class, respectively.
Prospective participants will be assigned a code number that will appear on
documents. You must read and sign an informed consent form before participating.
Your commitment would involve one 1-hour session. All sessions will take place in
the Exercise Physiology Laboratory, room 1055 at the Student Recreation Center.
Participation in this study would involve each subject performing multiple
trials of a grand-plie in first, second, fourth, and fifth positions. Each subject will be
hooked up to EMG electrodes on three quadriceps muscles in order to understand
the muscle fiber recruitment during each movement. In addition, each subject will be
videotaped during the procedure. Results from this study are hopefully going to
explain why so many dancers have common knee injuries and will aid the researcher
�n. fir�ding better ways to strengthen the knee muscles in order to prevent knee
mJunes.
You have the option to voluntarily terminate your involvement in the study
for any reason. Your participation during the study will not have any effect on your
academic evaluation in any way. All test information will be kept confidential, and
you will be able to see a copy of your test results upon your request. If you are
between the ages of 17 and 30 years old and are interested in getting more
information or volunteering for the study, please fill out the information below or
contact me by phone at 387-2689 or 353-0734. Thank you.
Name

Phone#
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